Quick and reliable setting of programmable pressure valves (PPVs) is important in the treatment of idiopathic normal pressure hydrocephalus (iNPH), especially for reducing overdrainage complications and related medical costs. A new quick reference table (QRT) was developed for improved PPV control and outcome. Shunt control can be based on the pressure environment in the sitting condition, given as hydrostatic pressure (HP) ＝ intracranial pressure ＋ PPV setting ＋ intraabdominal pressure (IAP). Using this relationship, and estimating HP and IAP from the patient's height and body mass index, respectively, a QRT was designed, consisting of a matrix of the patient's height and weight. The QRT was used to make initial PPV settings in 25 patients with iNPH and the clinical outcomes were evaluated. Postoperative readjustments of the PPV were not necessary in 15 of the 25 patients. At 1 month after operation, the PPV setting was decreased once in 5 patients and increased once in 2 patients. Four of these 7 patients improved after a single readjustment. Three patients required further readjustments. At 3 months after operation, another 3 patients required a single readjustment and all improved after this readjustment. The readjustment rate was 40% and readjustment number was 0.68 times/patient. The mean PPV setting at 1 year after operation was 15.5 ± 3.9 cmH 2 O. Use of the QRT in non-bedridden iNPH patients results in a low incidence of PPV readjustment.
Introduction
Idiopathic normal pressure hydrocephalus (iNPH) is becoming more common with the ever-growing aging population in Japan, so there is an increasing societal requirement for effective treatment of patients with iNPH. Programmable pressure valves (PPVs) have decreased the incidence of overdrainage complications, but significant risk still exists until a suitable setting of the PPV is obtained because of the low intracranial compliance in patients with iNPH. Various methods for the initial PPV adjustment have been proposed, 1, 6, 8, 10, [12] [13] [14] but no established guidelines for determining the initial pressure setting of PPVs. 7) We previously described a new concept for shunt control, which recommends setting the PPV based on the pressure environment in the upright position and the patient's physique. 4, 6) To improve the practical availability of our concept, we have developed a quick reference table (QRT) for the pressure setting of the PPV and evaluated its clinical usefulness.
Materials and Methods
Our previous study revealed that the pressure environment of the shunted patient in the sitting position could be described by the following formula: Hydrostatic pressure (HP) ＝ intracranial pressure (ICP) ＋ PPV setting ＋ intraabdominal pressure (IAP) (Fig. 1) . Originally, we individually measured HP from the patient's sitting height, ICP by a telemetric ICP sensor (OSAKA telesensor; Nagano Keiki Seisakusho Co. Ltd., Tokyo), and IAP by intrabladder pressure in the vacant condition through a urethral catheter. However, the body mass index (BMI) is positively related to the IAP, 3, 9) so we estimated the IAP using a graph of the relationship between the intrabladder pressure and the BMI, derived from data on 30 patients with iNPH at the Osaka Medical College (Fig. 2) . Similarly, a relationship between sitting height and standing height was established from data on 54 elderly volunteers (all over 65 years of age, 23 men and 31 women) at the Nishinomiya Kyoritsu Neurosurgical Hospital. The sitting height and standing height showed good correlation ( Fig.  3) , suggesting that the sitting height can be estimated from the standing height. Our previous studies also revealed that mean ICP in the sitting position in patients with clinical improvement without postoperative complications ranged from approximately -21 to -28 cmH 2 O in reference to the frontal burr hole. [4] [5] [6] Based on these results, -26 cmH 2 O was chosen as the most desirable sitting ICP. Finally, the QRT was developed as a matrix of patient's height and weight, as shown in Table 1 . We used the QRT for the initial pressure setting of the PPV and investigated the number and the degree of PPV setting changes (readjustments), incidence of complications, and clinical course in 25 patients with iNPH, 16 men and 9 women (mean age 76 years), treated with ventriculoperitoneal (VP) shunting at the Nishinomiya Kyoritsu Neurosurgical Hospital for longer than 12 months between June 2003 and February 2007.
Results
All patients showed clinical improvement after the VP shunt procedure. Readjustments of the PPV setting were not necessary in 15 of the 25 patients during the entire follow-up period. The courses of the 10 patients who required readjustment are shown in Fig. 4 . At 1 month after operation, 5 patients required single decrease of the PPV setting, 3 with unsatisfactory clinical improvement, 1 with progressive ventricular enlargement, and 1 with deterioration due to viral meningitis; and 2 patients required single increase of the PPV setting, 1 with low pressure headache (LPH) and 1 with subdural fluid collection (SFC). Single readjustment of the PPV resulted in clinical improvement in 4 patients, 2 with previous unsatisfactory clinical improvement and 2 with previous progressive ventricular enlargement and LPH. Three patients required a second readjustment, one for underdrainage due to excessive PPV setting increase, one for unsatisfactory clinical im- 
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Strategy for PPV Adjustment in iNPH provement due to insufficient PPV setting decrease, and another for chronic subdural hematoma (CSDH) due to excessive PPV setting decrease at 1 month after operation; and all patients improved after this second readjustment. However, the patient with CSDH gradually showed underdrainage symptoms due to excessive PPV setting increase, and required a third readjustment. At 3 months after operation, another 3 patients required a single readjustment for unsatisfactory clinical improvement, SFC, and LPH. These 3 patients improved clinically after the single readjustment. No surgical intervention was necessary for the patients with CSDH and SFC in this series. The mean setting change was 3.1 cmH 2 O/readjustment, and the mean difference between the initial and 1-year postoperative PPV settings in patients who required readjustments was 1.2 cmH 2 O. The mean PPV setting at 1 year after operation was 15.5 ± 3.9 cmH 2 O.
Discussion
Rapid establishment of the optimum PPV setting can improve patient outcome as well as reduce medical costs by preventing overdrainage complications and shortening hospitalization time. Starting at a low pressure setting has been recommended. 13) However, low pressure valves carry greater risks of overdrainage complications 2) in patients with iNPH, and consequently are not recommended. In contrast, setting the PPV at the highest level initially was recommended, followed by decreasing the setting depending on the patient's clinical condition. 1, 8) Readjustment was not necessary in only 4 of 32 patients with iNPH, and the mean number of readjustments was more than 1.9 times/patient. 8) Such an approach concept may be effective for reducing overdrainage complications, but is time consuming and medicoeconomically wasteful. A strategy for the initial PPV setting was proposed based on the patient's age, duration of the underlying disease, ventricular size, and the results of lumbar infusion test. 14) The basic approach was to set the PPV high (14-18 cmH 2 O) in patients with low ICP (9-13 cmH 2 O), and low in those with high ICP in the preoperative infusion test. A study showed 138 readjustments were performed in 147 patients with iNPH (readjustment rate of 49%, with readjustment number of 0.94 times/patient). These results are better than any former method. However, our study found no correlation between the preoperative lumbar tap pressure and the PPV setting at 1 year after operation (Fig. 5 upper) . Preoperative lumbar tap pressure might be important to consider for postoperative control of patients with iNPH who spend most of their daily life in bed, but such considerations are not applicable to patients who spend most of daily life sitting or standing. In the upright position, the hydrostatic pressure affects shunt flow much more than lumbar tap pressure.
Adjusting the initial PPV setting based on the preoperative cerebrospinal fluid (CSF) dynamic test was recommended with readjustments according to the results of the CSF dynamic test 2 weeks after operation. 12) Readjustment was necessary in 7 of 9 patients (readjustment rate of 78%, with readjustment number of 0.9 times/patient). Furthermore, the infusion test or CSF dynamic test is invasive and difficult to perform. Another method for the initial setting of the PPV was based on patient symptoms, computed tomography (CT) findings, rate of deterioration, etc., 10) but these factors are not quantitative. Moreover, readjustment rate was 37%, with readjustment number of 1.3 times/patient.
Compared to any of the above methods, our strategy for PPV settings, based on the patient's physical parameters in the sitting position, showed superior results (readjustment rate of 16%, with readjustment number of 0.2 times/patient). 6) However, measurement of the patient's individual sitting height and IAP directly would be time-consuming in clinical practice. The present method of initial pressure setting using the newly developed QRT is simple, quantitative, and non-invasive with the lowest readjustment rate of 40% and readjustment number of 0.68 times/patient among all setting methods using the Codman-Hakim programmable valve, excluding our original method (Table 2) .
Furthermore, initial PPV setting using the QRT showed a strong positive correlation with the PPV setting at 1 year after operation (Fig. 5 lower) . The mean PPV setting at 1 year after operation was 15.5 ± 3.9 cmH 2 O, which was relatively higher than previously considered but very close to the value reported by Reinprecht et al. 8) In addition, most readjustments were completed within 3 months after operation. Our QRT was mainly used for selecting the initial PPV setting, and subsequent readjustments were performed based on the patient's symptoms and the CT findings. However, a gain in the patient's body weight or constipation may lead to underdrainage complications due to increasing IAP in the follow-up period. 4, 6, 11) We believe that the QRT can be used to calculate a new PPV setting if weight change occurs, and so avoid any associated over-or Strategy for PPV Adjustment in iNPH underdrainage complications. Therefore, the QRT can be used not only in the initial PPV setting but also in the postoperative follow-up period. Our QRT is currently the most useful method for setting PPVs in patients with iNPH who are expected to spend postoperative daily life in the upright position, both for determining the initial PPV setting and for readjustments in accordance with changes in the patient's physique during the follow-up period. Further evaluation of the clinical usefulness of this table will be conducted in a Japanese multi-institutional randomized study of iNPH (SINPHONI: Study of Idiopathic Normal Pressure Hydrocephalus on Neurological Improvement).
